Introduction
Emulsions are dispersions of droplets of one liquid in a continuous phase of another immiscible liquid. They play an important role in several industries, including the food industry. Mechanical emulsification devices (e.g., mixers, colloid mills, and high-pressure homogenizers) are commonly used to produce food emulsions; however, these devices generally produce polydisperse emulsions with wide droplet size distributions, and droplet size is poorly controlled [1] . Stability against droplet coalescence, which greatly affects the shelf life of food emulsions, tends to be improved by narrowing the droplet size distribution. Monodisperse emulsions consisting of uniform droplets are preferable from the viewpoint of emulsion stability. Monodisperse emulsions also enable the precise control of important emulsion properties and the controlled delivery of bioactive ingredients [1] .
Membrane emulsification, developed in the late 1980s, can produce monodisperse emulsions consisting of quasi-uniform droplets with controlled average sizes [2] . Nakashima et al. proposed direct membrane emulsification, which produces emulsion droplets by forcing a dispersed-phase liquid through a porous membrane with narrow pore size distribution into a (cross-flowing) continuous-phase liquid [2] . Premix membrane emulsification, proposed by Suzuki et al., achieved much higher emulsion productivity than direct membrane emulsification [3, 4] ; however, the resultant droplets had less uniformity. Membrane emulsification was applied to the industrial production of a very low fat spread in the early 1990s [5] .
Microchannel (MC) emulsification, developed in the mid 1990s, is a relatively new emulsification technology, aimed at producing monodisperse emulsions of uniform droplets with precisely controlled average sizes [6, 7] .
MC emulsification devices, typically made of single-crystal silicon, can be categorized into grooved MC arrays consisting of uniform microgrooves and a slit-like terrace [6, 8] , and straight-through MC arrays consisting of uniform, straight-through holes [9] . MC emulsification enables generating uniform droplets with minimum coefficients of variation of less than 5%, by forcing the dispersed phase through an MC array into the continuous phase without applying any exter nal shear stress
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Straight-through MC arrays consisting of numerous MCs produced uniform soybean oil droplets at dispersed-phase fluxes (J d ) of up to 60 L m -2 h -1 [12] , which was much higher than the droplet productivity of grooved MC arrays. Uniform oil droplets with average sizes of 4 m to 40 m were generated using oblong straight-through MCs with aspect ratios (R MC ) higher than the threshold at their outlets [13, 14] . Uniform droplets with sizes over 50 m are useful templates for producing uniform micro-materials as carriers of bioactive ingredients; however, straight-through MC arrays for generating large droplets have not yet been developed.
Our previous work quantitatively demonstrated the effect of J d as an important operation parameter of emulsion production using an oblong straight-through MC array [12] . Although the velocity of the cross-flowing continuous phase is also an important operation parameter, investigation of the effect of continuous-phase velocity is still lacking.
The purpose of this work was to provide additional insight into the production of soybean oil-in-water (O/ W) emulsions using straight-through MC arrays. This work focused on the effect of continuous-phase velocity on droplet generation using oblong straight-through
MCs with different R MC and the generation characteristics of large droplets using oblong straight-through MCs. We also analyzed the data for emulsification using oblong straight-through MCs with wide ranges of MC size and R MC , which were obtained from this work and previous papers.
Experimental
Each MC array plate (EP Tech, Hitachi, Japan) consisted of oblong straight-through MCs, which were highly compacted ( Fig. 1) . Table 1 presents the dimen- a MC equivalent diameter is defined as four times the cross-sectional area divided by the wetted perimeter of the oblong MC. A laboratory-scale emulsification setup equipped with a straight-through MC array plate was used to conduct MC emulsification [9] . Droplets were generated using the MC array plate inside a custom-made emulsification (Fig. 2) .
Droplet generation from the MC outlets was observed and recorded in real time using a microscope video system [9] . MC emulsification experiments were conducted at approximately 25 .
The droplet generation phenomena via straightthrough MC arrays were analyzed using recorded movie clips. Images of the generated emulsion droplets, which were captured in a computer, were subjected to droplet size measurement using WinRoof version 5.6 (Mitani , where k x is 1.7; a wall correction factor for a sphere and is the ratio of the viscosity of the continuous phase to that of the dispersed phase [15] . Lift forces, inertial force, static pressure difference force, and buoyancy force also promote droplet generation [15] . In this case, the interfacial tension force acted against droplet generation. Since Q d was fixed, F D was the variable force acting on a droplet of a certain size. unstably generated non-uniform oil droplets with d exceeding 100 m (Fig. 4b) . Highly uniform droplets were generated from the outlets of large oblong MCs with R MC of 3.6 and 4.5 (Fig. 4c) . For the generated droplets, d av was 104 m and CV was 2.5% for R MC of 3.6; and Figure 5a presents a state diagram of emulsification using the oblong straight-through MC arrays used in this work and reported in previous papers [9, [12] [13] [14] .
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